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Abstract The choice to use or not use a preser-
vative before sorting macroinvertebrate samples
(i.e., dead specimens vs. living specimens) is
based on studies not solely focused on the effects
of preservation. Using identical sample process-
ing protocols, we compared preserved and un-
preserved samples for the following parameters:
(1) the number of taxa and individuals for each
major macroinvertebrate group, (2) ecological
quality classes calculated with a multimetric in-
dex developed for the assessment of small Dutch
lowland streams, and (3) costs of sample process-
ing. We collected macroinvertebrate samples from
three lowland streams in the Netherlands. At each
site, we collected six replicate samples, of which
three samples were preserved and three were not.
Significantly different numbers of Ephemeroptera
individuals and Hydracarina taxa and individu-
als were collected from preserved samples com-
pared to unpreserved samples. In assessments
based on these individual metrics, standardiza-
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tion of sample processing will be required. In
streams with Ephemeroptera, the preservation
of samples is necessary to optimize the num-
ber of Ephemeroptera individuals collected. In
streams that contain Hydracarina, the preserva-
tion of samples will result in an underestimation
of the number of Hydracarina taxa and individ-
uals present. In only one instance there was a
difference in ecological quality between preserved
and unpreserved samples, indicating that assessing
small Dutch lowland streams does not require
standardization of sample preservation as part of
the sample processing protocol. We detected no
significant differences in sample processing costs
between preserved and unpreserved samples.
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Introduction
Macroinvertebrates are the most commonly used
organisms to assess the biological quality of
streams in monitoring programs (Hawkes 1979;
Hellawell 1986; Chessmann 1995). Biological
monitoring usually has two purposes: (1) to es-
timate variables of interest at a site and (2) to
make comparisons among sites or time inter-
vals. Variables of interest in biological monitoring
are primarily metric values (e.g., the number of
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taxa, average score per taxon values, and saprobic
index values) and ecological quality classes re-
sulting from biological assessment systems. Metric
values and ecological quality classes are calculated
based on the macroinvertebrate community com-
position. Various methods have been developed
to collect macroinvertebrates from streams and
to process macroinvertebrate samples. These sam-
pling and sample processing methods can vary in
terms of sampled area, mesh size of sampling gear,
sampled habitats, intensity of sorting, and taxo-
nomic resolution of identification, among other
parameters. The methodology applied influences
the accuracy and variability of bioassessment re-
sults (expressed as metric values and/or ecological
quality classes) (e.g., Barbour and Gerritsen 1996;
Diamond et al. 1996; Haase et al. 2004). Also,
each method can be selective for certain species
or groups of species that vary in their exposure
and sensitivity to anthropogenic stress (Barton
and Metcalfe-Smith 1992).
Accuracy and variability are both important
aspects of bioassessment. Accuracy refers to the
closeness of a measurement to its true value
(Norris et al. 1992). Differences in accuracy be-
tween methods may, therefore, result in different
bioassessment results. Differences in accuracy de-
pend on the spatial and temporal scale at which
the true value is defined—a method might be
accurate at representing the organisms present in
a sample, but less accurate at representing the
biota at a site. Variability is important in mak-
ing comparisons because the validity of conclu-
sions depends on data variability (Norris et al.
1992); higher variability increases the probability
of incorrect bioassessment results. An increase
in accuracy or a reduction in variability is not
always possible because associated costs are of-
ten high. When assessing ecological quality for
biological monitoring purposes, however, it is not
necessary to catch all organisms or taxa present
at a site (Barbour and Gerritsen 1996). Stan-
dardization of sampling is required, though, for
valid comparisons among sites and points in time
(Courtemanch 1996; Vinson and Hawkins 1996).
The question then focuses on which steps to stan-
dardize in sampling and sample processing. Af-
ter all, when two methods are equally variable
and give comparable bioassessment results, stan-
dardization is not necessary. Apart from accuracy
and variability, costs play an important role in
decision-making related to the standardization of
methods. The costs for collection and processing
of macroinvertebrate samples are high and (can)
depend strongly on the sampling technique used
(e.g., Barbour and Gerritsen 1996; Metzeling et al.
2003; Vlek et al. 2006).
Many studies have focused on variability, ac-
curacy, and/or costs in terms of sampled area
(e.g., Metzeling and Miller 2001; Vlek et al. 2006),
number of samples (e.g., Canton and Chadwick
1988), sampling device (e.g., Drake and Elliott
1982; Mackey et al. 1984; Barton and Metcalfe-
Smith 1992; Cheal et al. 1993), sampled habitats
(e.g., Kerans et al. 1992), intensity of sorting (e.g.,
Barbour and Gerritsen 1996; Courtemanch 1996;
Growns et al. 1997), and taxonomic resolution
of identification (e.g., Nijboer and Verdonschot
2000; Bailey et al. 2001; Lenat and Resh 2001).
An important aspect of sample processing, which
has only been the subject of a few studies, is
the preservation (or not) of samples immedi-
ately after collection. Many sampling protocols
recommend ‘live sorting’ in which organisms are
collected from the sample while still alive. Live
sorting is frequently applied in the Netherlands,
Southern European countries (Buffagni, CNR–
IRSA, personal communication), and Germany
(Braukmannn 2000). Live sorting is also com-
monly applied in Australia for the rapid biological
assessment of rivers (Metzeling et al. 2003), either
for set periods (Chessman and Robinson 1987)
or until a fixed number of specimens is collected
(Chessmann 1995).
In the few studies comparing sorting results be-
tween preserved and unpreserved samples, sorting
of the unpreserved samples has been performed
in the field, and sorting of the preserved sam-
ples has been performed in the laboratory (e.g.,
Humphrey et al. 2000; Metzeling et al. 2003; Haase
et al. 2004; Nichols and Norris 2006). In these
studies, other aspects of the sample processing
protocol also differed between preserved and un-
preserved samples. Humphrey et al. (2000) state
that the live-sort procedure results in poor re-
covery of small and cryptic taxa. Metzeling et al.
(2003) found that Oligochaeta were underrepre-
sented in unpreserved/field samples compared to
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preserved/laboratory samples. In our view, these
findings are the result of field sorting and other
sample processing aspects, rather than live sort-
ing. In fact, live sorting in the laboratory might
increase accuracy and reduce variability and costs.
Sorting in the Netherlands is commonly per-
formed in the laboratory to avoid (1) the high
variability associated with field sorting (Haase
et al. 2004), arising from differences in weather
conditions and illumination at the sampling site
(Carter and Resh 2001; Rawer-Joost 2001), and
(2) loss of small organisms.
People who prefer using preservatives often
mention the following disadvantages of live sort-
ing: (1) specimens may be eaten by others before
sorting is completed; (2) specimens may disin-
tegrate before sorting is completed; (3) remov-
ing fast-moving taxa (like Gammarus sp.) from
a sample may be time consuming; and (4) as a
consequence of arguments 1 and 2, samples have
to be sorted as soon as possible (within 5 days)
after collection, making it impossible to collect a
large number of samples at the same time. People
in favor of live sorting often mention the follow-
ing disadvantages of using preservatives: (1) it is
more difficult to spot dead than living specimens
because of the lack of movement and (2) it is not
possible to use different preservatives depending
on macroinvertebrate group, i.e., identification of
Chironomidae and Bivalvia is less time consuming
when they are preserved in ethanol compared
to formaldehyde, while Oligochaeta are easier to
identify when preserved in formaldehyde. The
question is whether these disadvantages will sig-
nificantly influence bioassessment results and/or
the costs of sample processing. The aim of this
study was (1) to compare bioassessment results
between preserved (i.e., sorting dead specimens)
and unpreserved samples (i.e., sorting living speci-
mens), and (2) to compare sample processing costs
between preserved and unpreserved samples.
Methods
Study site and data collection
For this study, we used data collected from three
streams in the Netherlands: the Springendalse
beek, the Tongerensche beek, and the Swalm.
Catchment areas of all streams are smaller than
100 km2, with all sites located between 0 and
200 m above sea level. We sampled the Springen-
dalse beek in September 2002, the Tongerensche
beek in June 2003, and the Swalm in April 2003.
In each stream, a uniform 100-m stretch of the
stream was selected for sampling. At each site,
we collected six replicate composite samples, each
consisting of sampling units from different habi-
tats. In each stream, three habitats were sampled,
and sample size varied between streams (Table 1);
replicate samples collected from the same stream
did not differ in sample size. To ensure collection
of most species present in the habitat (expert
judgment), we sampled each habitat that repre-
sented at least 5% of the total surface area over
a set distance. Prior to sampling, the surface area
covered by the different habitats was estimated at
each site (Table 1). The samples were collected
by pushing a pond net (25 cm × 25 cm, 500−μm
mesh) through the upper part (2–5 cm) of the
substrate. The sampling units from the different
habitats were stored separately in buckets. Three
out of six sampling units from each habitat
were preserved in 4% formaldehyde directly after
sampling. The buckets were transported to the
laboratory, where the sampling units without
formaldehyde were stored in a refrigerator, oxy-
genated, until sorting. All sampling units were
kept separately during sample processing, which
began with units being washed through 1,000- and
250-μm-mesh sieves. Live sorting was performed
Table 1 Habitat coverage and sampled length of each
habitat for the three streams sampled in this study
Stream Habitat Sampled Coverage
length (m) (%)
Tongerensche Mud 0.5 50
beek Sand 0.5 20
Submerged 0.5 30
vegetation
Swalm Mud/detritus 0.25 5
Gravel 0.75 75
Sand 0.75 20
Springendalse Gravel 0.5 5
beek Sand 0.5 95
Submerged 0.25 5
vegetation
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for the three unpreserved replicate sampling units
(per stream and habitat). From the remaining
three preserved sampling units, we collected dead
organisms. After washing, the sampling units were
poured into transparent trays and placed on a
light box. According to Dutch common practice,
units were sorted in their entirety and organisms
picked from the trays using unaided visual guid-
ance. Organisms were preserved in 70% ethanol,
except for live Oligochaeta and Hydracarina. Live
Oligochaeta were preserved in 4% formaldehyde
and live Hydracarina in Koenike fluid (20% acetic
acid, 50% glycerol, and 30% demineralized wa-
ter). Organisms were identified to the lowest tax-
onomic level possible, i.e., at the species level for
almost all specimens. Time spent on sorting and
identification of all specimens in each sampling
unit was recorded.
Data analysis
In total, 18 composite samples were collected from
three different streams. The number of taxa and
the number of individuals for each major macroin-
vertebrate group (e.g., Diptera, Ephemeroptera,
Plecoptera) were evaluated to determine whether
(potential) differences between preserved and
unpreserved samples varied depending on the
macroinvertebrate group. We refer to the number
of taxa and the number of individuals for each
major macroinvertebrate group as a metric.
The number of individuals per taxon was stan-
dardized to a total sampled length of 5 m accord-















where Tx is the total number of individuals of
taxon x, axi is the abundance of taxon x for habitat
i, li is the sampled length (m) of habitat i, ci is the
habitat coverage (%) of habitat i, and h is the total
number of habitats sampled.
For the composite samples from each of the
three streams, we calculated ecological quality
classes. For this purpose, we used a revised ver-
sion of the multimetric index described by Vlek
et al. (2004). The multimetric index consists of
11 metrics and has been developed to assess the
ecological quality of small Dutch lowland streams
(Vlek et al. 2004). The multimetric index assigns
samples to an ecological quality class that can
range from 1 (bad ecological quality) to 5 (high
ecological quality or reference situation) based on
a macroinvertebrate species list. The ecological
quality classes were calculated with the program
ASTERICS.
An ANOVA with blocks (streams) (α = 0.05)
was applied to assess differences in metric val-
ues between preserved and unpreserved samples.
Prior to statistical analysis, abundance data were
log10(x + 1) transformed according to Brinkman
and Duffy (1996) and Growns et al. (1997). Taxa
counts were not transformed, according to Kerans
et al. (1992).
For the macroinvertebrate groups Gastropoda,
Heteroptera, Hirudinea, Megaloptera, Odonata,
Plecoptera, and Turbellaria, low numbers of spec-
imens were collected from the samples. In some
samples, these macroinvertebrate groups were not
present at all. Performing a statistical test in these
cases would be misleading because significant
differences will not be observed simply because
of few or no specimens in the samples. To avoid
conclusions based on very low numbers of spec-
imens, for analyses we used only macroinverte-
brate groups with abundances higher than 0 in 17
out of 18 samples.
To determine whether non-significant results
were the result of inadequate power of the study
design, we performed an a posteriori power analy-
sis (Peterman 1990). Power is defined as 1 − beta,
or the inverse probability of committing a type II
error in a statistical test. Low power indicates that
little confidence should be placed in a conclusion
based on a failure to reject H0, i.e., no difference
in metric values between preserved and unpre-
served samples. Minimum detectable differences
(MDDs) were calculated given the experimental
design applied in this study using an alpha of 0.05
and power of 0.80 as commonly accepted values
for significance level and power (Peterman 1990;
Carlisle and Clements 1999). MDD is the effect
size (expressed as the difference in metric values
between preserved and unpreserved samples) that
is necessary to generate acceptably high power
(Rotenberry and Wiens 1985; Cohen 1988), which
was considered to be 0.8 in this study.
Environ Monit Assess (2011) 175:613–621 617
Sample processing time (time spent on sorting
and identification) was recorded for each sam-
ple. Costs of a person-hour vary, so we used the
time required for sample processing as a mea-
sure of sample processing costs for preserved and
unpreserved samples. Because the time required
for sorting and identification strongly depends on
the number of individuals sorted and identified
(Barbour and Gerritsen 1996), differences be-
tween replicate samples in the number of in-
dividuals could confound results. Therefore, the
recorded time was divided by the number of spec-
imens in a sample and multiplied by the average
number of individuals for all six samples from the
respective stream. Data on recorded times (cor-
rected for the number of individuals) were ln(x)
transformed according to Growns et al. (1997)
prior to analysis. To test for differences in sample
processing time between preserved and unpre-
served samples, we performed an ANOVA with
blocks (streams) (α = 0.05). Residuals were plot-
ted against predicted values to check for normal-
ity in sample processing time (sorting and iden-




In total, four of the 16 metrics showed differences
(p < 0.05) between preserved and unpreserved
samples (Table 2). The number of Ephemeroptera
individuals and Trichoptera taxa was consistently
higher in preserved than in unpreserved samples
(Table 3). The number of Hydracarina taxa and
individuals was consistently lower in preserved
samples (Table 3).
Power analysis revealed large differences be-
tween metrics in the required MDD (Table 2).
Most metrics required an MDD of less than 50%
(MDD/overall mean) to reach a power of 0.8
(Table 2). Only the number of Coleoptera taxa
and Coleoptera individuals required MDDs of
more than 50% (Table 2).
Multimetric index
The only difference in ecological quality class be-
tween preserved and unpreserved samples was de-
tected in samples from the Swalm. One preserved
Table 2 Summary of ANOVA results (stream = blocking factor) for comparison of preserved and unpreserved samples on
three streams (n = 18, α = 0.05)
Acronym Metric description Mean Mean Effect MDD MDD p value
unpreserved preserved (%)
OL-taxa Number of Oligochaeta taxa 14.44 13.78 0.67 2.40 17.0 0.417
OL Number of Oligochaeta individuals 2.72 2.88 0.16 0.36 13.0 0.198
BIVAL-taxa Number of Bivalvia taxa 2.89 3.00 0.11 0.94 31.9 0.727
BIVAL Number of Bivalvia individuals 1.81 2.21 0.39 0.68 33.7 0.104
CRUS-taxa Number of Crustacea taxa 3.44 3.33 0.11 0.99 29.2 0.740
CRUS Number of Crustacea individuals 3.2 3.02 0.18 0.37 11.7 0.152
EPHE-taxa Number of Ephemeroptera taxa 3.22 3.00 0.22 1.28 41.3 0.610
EPHE Number of Ephemeroptera individuals 1.89 1.42 0.47 0.36 21.6 0.002∗
TRIC-taxa Number of Trichoptera taxa 8.11 6.33 1.78 2.11 29.2 0.023∗
TRIC Number of Trichoptera individuals 2.15 2.27 0.12 0.26 11.7 0.194
COL-taxa Number of Coleoptera taxa 2.33 2.11 0.22 1.56 70.0 0.673
COL Number of Coleoptera individuals 1.07 1.21 0.14 0.65 56.8 0.528
DIP-taxa Number of Diptera taxa 33.22 31.44 1.78 6.29 19.5 0.409
DIP Number of Diptera individuals 3.39 3.39 0.01 0.26 7.8 0.912
HYD-taxa Number of Hydracarina taxa 3.89 5.67 1.78 1.56 32.5 0.004∗
HYD Number of Hydracarina individuals 1.38 2.05 0.68 0.56 32.7 0.003∗
Asterisks indicate significant differences between preserved and unpreserved samples. Effect = difference between the mean
metric score of the unpreserved samples and the preserved samples in this study, MDD = minimum detectable difference
(α = 0.05, power = 0.8), MDD (%) = minimum detectable difference/overall mean metric value
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Table 3 Mean metric values (and standard deviations) for preserved and unpreserved samples from the Springendalse beek,
Swalm, and Tongerensche beek
Metric Springendalse beek Swalm Tongerensche beek
Preserved Unpreserved Preserved Unpreserved Preserved Unpreserved
EPHE 20 (9) 17 (6) 168 (40) 66 (13) 152 (64) 17 (7)
HYD 4 (3) 10 (5) 17 (21) 90 (39) 419 (124) 1,670 (434)
HYD-taxa 2 (2) 3 (1) 2 (2) 3 (1) 7 (1) 10 (1)
TRIC-taxa 8 (1) 6 (1) 7 (2) 6 (1) 9 (1) 7 (2)
Only metrics that showed differences (p < 0.05) between preserved and unpreserved samples are incorporated in the table.
EPHE = number of Ephemeroptera individuals, HYD = number of Hydracarina individuals, HYD-taxa = number of
Hydracarina taxa, TRIC-taxa = number of Trichoptera taxa
sample indicated good ecological quality, while
all unpreserved samples indicated poor ecological
quality. All samples from the Tongerensche beek
indicated poor ecological quality. Two preserved
and two unpreserved samples from the Sprin-
gendalse beek indicated good ecological quality,
while one preserved and one unpreserved sample
indicated high ecological quality.
Sample processing costs
We detected no significant difference between
preserved and unpreserved samples in the total
time required for sample processing (F = 1.64,
p = 0.221). When comparing the time required
for sorting and identification separately, we also
detected no significant differences between pre-
served and unpreserved samples (F = 0.25, p =
0.626 and F = 1.11, p = 0.310).
Discussion
For most major macroinvertebrate groups (five
out of eight), we detected no significant differ-
ences in the number of taxa or individuals be-
tween preserved and unpreserved samples. The
required MDD for the number of Coleoptera taxa
and individuals suggests our study was not ade-
quately designed to detect significant differences
with acceptable power. Carlisle and Clements
(1999), however, suggested that metrics requir-
ing MDDs of more than 50% to reach a power
of 0.8 cannot possibly detect ecologically rel-
evant changes given realistic sampling efforts.
Therefore, we conclude that the low power of
our study design is not relevant. As a result of
the high within-site variability in the number of
Coleoptera taxa and individuals, these metrics are
per definition not suited for biological assessment
purposes in the case of the studied streams.
The metrics that required MDDs of less than
50% and showed no significant differences be-
tween preserved and unpreserved samples ne-
cessitate closer consideration. The question is
whether these non-significant results should be
considered as (1) the true absence of ecologically
relevant differences between preserved and un-
preserved samples or (2) as a reflection of inade-
quate power. To answer this question, the degree
of change that is considered ecologically relevant
for bioassessment purposes must be determined.
This degree of change will vary depending on the
method used for bioassessment and is also not an
entirely scientific decision (Carlisle and Clements
1999).
For metrics that did show significant differ-
ences in values between methods, values were not
always higher for the same method. Instead, the
method that resulted in higher values depended
on the organism group. Significantly higher num-
bers of Ephemeroptera individuals and Tri-
choptera taxa were collected from the preserved
samples. The lower number of Ephemeroptera in-
dividuals collected from the unpreserved samples
might have been caused by disintegration dur-
ing transportation, storage, and sorting because
of a lack of oxygen in the samples. Supporting
this suggestion is the fact that during sorting,
we often found only parts instead of complete
Ephemeroptera specimens. The difference in Tri-
choptera taxa collected between both methods
is considered an artifact. When we counted the
number of species instead of the number of taxa,
Environ Monit Assess (2011) 175:613–621 619
two out of three preserved samples contained five
species and one preserved sample contained four
species. All three unpreserved samples contained
four species. Significantly higher numbers of Hy-
dracarina individuals and taxa were collected from
the unpreserved samples. This finding supports
the suggestion that small organisms, like Hydraca-
rina, are easier to detect when they are moving.
Our results seem to contradict those of stud-
ies by Humphrey et al. (2000), Metzeling et al.
(2003), and Nichols and Norris (2006), who found
that small and cryptic taxa such as Oligochaeta,
Diptera, and Hydracarina were often overlooked
in unpreserved samples. However, in these stud-
ies, sample processing procedures varied for pre-
served and unpreserved samples, making it impos-
sible to identify the exact cause of overlooking
small and cryptic taxa in unpreserved samples.
Nichols and Norris (2006) suggest that the small
taxa were missed because operators sorted the
unpreserved samples unaided by a microscope.
However, Growns et al. (2006) showed that using
magnification did not improve the efficiency of
collection of small and cryptic taxa.
Some macroinvertebrate groups were not in-
cluded in the analyses because they were ab-
sent from some samples. These macroinvertebrate
groups may show significant differences in the
number of individuals and the number of taxa
between preserved and unpreserved samples in
streams where they are more abundant.
In only one instance, we identified a difference
in ecological quality class between preserved and
unpreserved samples. This difference was the re-
sult of higher values for the metric EPT-taxa (%).
Although values of individual metrics may vary
between preserved and unpreserved samples, the
final assessment result will not necessarily also
differ between sample processing methods. In-
deed, Fore et al. (2001) and Lorenz et al. (2004)
showed that differences in metric values will not
necessarily result in differences in the final assess-
ment result. Differences in the final assessment
result develop when metric values happen to fall
near a break point in the scoring criteria (Fore
et al. 2001), as observed for the metric EPT-taxa
(%).
In addition, we found no significant differences
between preserved and unpreserved samples in
the time required for sorting. Two possible expla-
nations for this finding are that (1) the advantage
of easier detection of moving organisms is can-
celled out by the disadvantage of their being more
difficult to catch, and/or that (2) differences be-
tween replicates are so large that they efface sta-
tistically significant differences between methods.
The results show that differences between repli-
cates are large, possibly because of differences
in macroinvertebrate community composition be-
tween exact sampling locations or other sources
of variation resulting from differences in sample
processing (e.g., differences in refrigerator storage
time).
Considering the results of this study, two things
should be kept in mind. First, we used formalde-
hyde to preserve the samples, leaving the ques-
tion of whether using ethanol as a preservative
would have resulted in the same findings. Sec-
ond, all samples were sorted in the laboratory,
as is common practice in the Netherlands. The
results of sorting unpreserved samples in the lab-
oratory cannot be compared to the results of
sorting samples in the field, especially given that
circumstances for sorting in the field can be far
from optimal (Carter and Resh 2001; Rawer-Joost
2001).
In some cases, we found a significant difference
between preserved and unpreserved samples for
individual metrics. When assessment is based on
these individual metrics, the choice to use a
preservative or not becomes relevant. This study
indicates that in streams with Ephemeroptera, the
preservation of samples is necessary to optimize
the number of Ephemeroptera individuals col-
lected. In streams that contain Hydracarina, the
preservation of samples will result in underesti-
mation of the number of Hydracarina taxa and
individuals present. Problems arise when both
groups are likely to be present in a stream and
a sample processing method has to be chosen.
The decision should always be made based on
the system/metric(s) used for assessment. Addi-
tionally, in this study, ecological quality classes
did not depend on the sample processing method
used. This finding indicates that for the assess-
ment of small Dutch lowland streams, the sample
processing protocol does not require standardiza-
tion in terms of sample preservation. However,
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standardization of sampling and sample process-
ing methods, including sample preservation, re-
mains essential in case of (long-term) routine
monitoring programs. Since there are limits to
standardization, e.g., among different agencies
and water types, we agree with Diamond et al.
(1996) that it is important to document method
performance characteristics through monitoring
of data quality to make comparisons between
monitoring programs possible.
Conclusions
Significantly different numbers of Ephemeroptera
individuals and Hydracarina taxa and individu-
als were collected from preserved samples com-
pared to unpreserved samples. In assessments
based on these individual metrics, standardiza-
tion of sample processing will be required. In
streams with Ephemeroptera, the preservation
of samples is necessary to optimize the num-
ber of Ephemeroptera individuals collected. In
streams that contain Hydracarina, the preserva-
tion of samples will result in an underestimation
of the number of Hydracarina taxa and individ-
uals present. In only one instance was there a
difference in ecological quality between preserved
and unpreserved samples, indicating that assessing
small Dutch lowland streams does not require
standardization of sample preservation as part of
the sample processing protocol. We detected no
significant differences in sample processing costs
between preserved and unpreserved samples.
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